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Abstract
This study aimed to determine the occurrence of anti-Toxoplasma gondii antibodies in the serum of slaughtered 
chickens in the region of Triângulo Mineiro, Minas Gerais, Brazil, to detect the parasite in tissues (heart and brain) 
of serologically positive chickens, based on molecular analysis, and to investigate risk variables associated with the 
infection. Sera from 417 chickens raised in extensive, semi-intensive, and intensive production systems were tested by 
an indirect immunofluorescent antibody test (IFAT) and indirect hemagglutination antibody test (IHA). Polymerase 
chain reaction (PCR) was performed to detect T. gondii DNA in brain and heart tissues. Antibody anti-T. gondii were 
found in 37.65% (157/417) of chickens by IFAT, and in 75.06% (313/417) by IHA. The Kappa index showed a weak 
concordance between the techniques (0.087). Association was observed between seropositivity and the variables, age 
(p < 0.0001), type of feeding (p < 0.0001) and collective raising with other animal’s species (p < 0.0001). Association, 
based on IFAT, was not observed between seropositivity and the variables, sex (p = 0.0526), presence of cats (p > 0.9999), 
and presence of rats (p > 0.9999). Presence of parasite DNA was detected in brain samples from two chickens, which 
were raised in intensive and semi-intensive production systems. The results suggest the meat of these slaughtered 
animals may serve as a transmission source of this protozoan to humans.
Keywords: Toxoplasma gondii. Gallus gallus domesticus. Serology. Molecular diagnosis.
Resumo
O objetivo do presente estudo foi determinar a frequência de anticorpos anti-Toxoplasma gondii em soro de galinhas 
abatidas na região do Triângulo Mineiro, Minas Gerais, detectar molecularmente o parasito em tecidos (coração e 
cérebro) de algumas das aves sorologicamente positivas e averiguar variáveis de risco associadas à infecção. Foram 
testados soros de 417 galinhas, criadas nos sistemas extensivo, semi-intensivo e intensivo. Para a pesquisa de anticorpos 
anti-T. gondii foi utilizada a Reação de Imunofluorescência Indireta (RIFI) e Hemaglutinação Indireta (HAI). A Reação 
em Cadeia da Polimerase (PCR) foi utilizada para detectar o DNA de T. gondii em fragmentos de cérebro e coração. 
Anticorpos foram detectados no soro de 37,65% (157/417) das aves pela RIFI e em 75,06% (313/417) pela HAI. 
O índice Kappa mostrou uma fraca concordância entre as técnicas (0,087). Baseado na RIFI, foi verificada associação 
estatisticamente significativa (p < 0,0001) entre a soropositividade e as variáveis: idade, tipo de alimentação e criação 
em conjunto com outras espécies animais. Não foi observada associação estatística (p > 0,01) entre as variáveis: sexo, 
presença de gatos e presença de ratos. Pelo diagnóstico molecular DNA do parasito foi detectado em duas amostras de 
cérebro, de indivíduos diferentes criados em sistema intensivo e semi-intensivo. Os resultados indicam a possibilidade 
de a carne dessas aves poderem atuar como fonte de infecção deste protozoário para o homem. 
Palavras-chave: Toxoplasma gondii. Gallus gallus domesticus. Sorologia. Diagnóstico molecular.
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Introduction 
Toxoplasmosis is a worldwide zoonosis caused by 
Toxoplasma gondii, an obligate intracellular parasite 
for which felines are the definitive hosts, and humans 
and other endothermic animals are intermediate hosts 
(SILVA et al., 2006). Viable forms of this parasite have 
been isolated from meat products, and serological 
studies in Brazil show the infection of farm animals is 
widespread (BRANDÃO et al., 2006; MILLAR et al., 2008; 
GONÇALVES et al., 2012).
The ingestion of raw or undercooked chicken 
meat or eggs can transmit toxoplasmosis to definitive 
or intermediate hosts. Handling raw chicken without 
ensuring that proper sanitary measures are maintained 
can also be a route of transmission to human beings. 
Chickens may be used as sentinel animals since infection 
in this species is considered a good indicator of soil 
contamination by T. gondii oocysts (LITERAK and 
HEJLICEK, 1993; DUBEY, 2002; HILL and DUBEY, 
2013). However, toxoplasmosis signs in chickens are not 
common (DUBEY, 2010a).
The development of strategies to control toxoplasmosis 
depends on the knowledge of the epidemiological 
aspects of the disease (FAJARDO et al., 2013), and the 
identification of risk factors is critical for the development 
of production systems that suitably promote animal health, 
and consequently avoid meat production containing 
infective forms of this parasite.
The Triângulo Mineiro region, in the state of Minas 
Gerais, Brazil, is an important national agricultural area 
for livestock. Nevertheless, reports on the epidemiological 
aspects of toxoplasmosis in chickens in this region are 
scarce. A recent study in this region was carried out in 
the city of Uberlândia, in which the authors verified high 
seropositivity (71.3%) in chickens raised in an extensive 
production system (LOPES et al., 2016). Therefore, the aim 
of this study was to determine the prevalence of anti-T. 
gondii antibodies in the chickens of the region and to 
identify possible risk factors associated with the infection, 
and, based on molecular analysis, to detect the parasite in 
chickens that tested positive by immunological diagnosis.
Materials and Methods 
Sera from chickens (n = 417) aged between 27 and 120 
days old, which were raised in intensive, semi-intensive, 
and extensive production systems in the Triângulo Mineiro 
region (17°55´05” to 20°26’35” S and 45°38’25” to 51°02’47” 
W), MG, Brazil, were used in the study. The samples were 
collected during the slaughter of the birds, approved during 
ante-mortem inspection, in abattoirs with official sanitary 
inspection service.
Blood samples (8 mL) were collected and properly 
identified in tubes without anticoagulant. The samples were 
allowed resting at room temperature (approximately 21°C) 
until clot retraction occurred, and then centrifuged at 5000 
rpm for 3 min. The samples were analyzed by the presence 
of T. gondii antibodies by the indirect hemagglutination 
antibody test (IHA) and indirect immunofluorescent 
antibody test (IFAT). The IHA test was performed using a 
commercial kit (Toxotest HAI®, Wiener Lab.), at a dilution 
of 1:16, following the manufacturer´s protocol. IFAT was 
performed, according to the protocol by Camargo (1964), 
using tachyzoites of RH (SABIN, 1941) strain of T. gondii 
as antigen. Chicken serum samples previously tested by 
IFAT were used as positive and negative control. Animals 
were considered positive when the antibody titration value 
was ≥16 (MILLAR et al., 2012).
Part of the animals in this study (n = 100) were 
selected for tissue collection (heart and brain). Among 
these animals, the heart and brain tissues of 25 T. gondii 
seropositive chickens were randomly selected. Fifty samples 
(25 heart and 25 brain tissue samples) were processed for 
total DNA extraction using a PureLink Genomic DNA 
Kit (Invitrogen, USA), according to the manufacturer’s 
recommendation, and the DNA was eluted in a final 
volume of 50 µl. To evaluate the presence of inhibitors in 
the samples, 1 µl of DNA extracted from a sample of dog 
blood previously tested to confirm the absence of inhibitors 
was added to 1 µl of each chicken DNA sample from this 
study. The mixed DNA samples were used as template in 
a PCR assay, in which a fragment of the gene encoding 
mitochondrial cytochrome b of dogs was amplified. 
Following the confirmation of the absence of PCR 
inhibitors, the study samples were subjected to T. gondii–
specific PCR amplification. The PCR included the primers 
Tg-NP1 (5'-GTGATAGTATCGAAAGGTAT-3') and 
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Tg-NP2 (5'ACTCTCTCTCAAATGTTCCT-3'), which 
specifically amplify a 227-bp fragment of the ITS1 region 
of Toxoplasma gondii (HURTADO et al., 2001). PCR was 
performed for a final volume of 50 µl, containing 1 X TAE 
buffer, 2 mM MgCl2, 0.2 mM dNTP mix, 200 ng of each 
primer, 2.5 U of Taq polymerase Platinum (Invitrogen), 
and 5 µl of the DNA extracted in this study as the 
template. The samples were amplified in a thermocycler 
under the following conditions: 94 ºC for 5 min, followed 
by 40 sequential cycles of 94 ºC for 20 s, 55 ºC for 20 s, 
and 72 ºC for 30 s, followed by an extension at 72 ºC for 
7 min, according to a protocol previously standardized 
by our group (LELES et al., 2016). DNA obtained from 
peritoneal lavage of mice infected with T. gondii strain RH 
and nuclease-free water were used as positive and negative 
controls, respectively. The PCR products were analyzed by 
electrophoresis on 2% agarose gels, with a 50-bp molecular 
weight marker (Promega, USA) as a size standard. The 
gel was stained with ethidium bromide for visualization 
of the PCR fragments, and photo documentation was 
performed using L-Pix (Loccus). The PCR amplicons were 
purified using an Illustra™ GFX™ PCR DNA and Gel Band 
Purification Kit (GE Healthcare Life Sciences, Germany), 
according to the protocol of the manufacturer, and were then 
direct sequenced using a Big Dye Terminator kit (Applied 
Biosystems, USA) and an ABI-Prism 3130 sequencer. 
The sequences obtained were edited and analyzed using 
Chromas v.2.1.1 and Bioedit v.7.1.9 software and were 
further compared with sequences deposited in GenBank 
using the BLAST algorithm (https://blast.ncbi.nlm.nih.gov).
The farm owners and/or abattoir technical manager 
completed an epidemiological questionnaire with 
information about the production systems used for raising 
the animals involved in the study. The information are 
related to age, gender, diet, contact with cats and rodents, 
type of production system for raising the chickens, collective 
raising with other animals, and type of water source. 
The serological results and epidemiological variables 
were analyzed using GraphPad Prism 7 software. The degree 
of agreement between the serological tests was evaluated 
using Cohen’s Kappa (K) coefficient. The association 
between two categorical variables was determined using 
Pearson chi-square test (χ2). Tables formed by two rows and 
two columns were evaluated using Fisher’s exact test with a 
significance level of p < 0.05. To evaluate the impact among 
the variables, odds ratio (OR) values were determined with 
their respective confidence interval (CI) of 95%. 
The Ethical Committee for Animal Use/Laboratory 
Animal Nucleus (CEUA/NAL) of Universidade Federal 
Fluminense approved this study (register #320/13). 
Results 
The occurrence of birds with anti-T. gondii antibodies 
was of 37.65% (157/417) and 75.06% (313/417), based on 
the IFAT and IHA assays, respectively. A weak agreement 
was observed between these serological techniques 
(κ = 0.087, Table 1). Because of this weak agreement, 
IFAT was considered as the gold standard for serological 
diagnosis, and only samples that tested positive by this 
technique were considered for the analysis of variables. 
Among the animals that tested positive by IFAT, two 
showed an antibody titer of 1:4096 (1.28%). The most 
prevalent antibody titer was 1:16 (n = 84; 53.50%), followed 
by 1:64 (n = 41; 26.11%), 1:256 (n = 22; 14.01%), and 1:1024 
(n = 8; 5.10%). 
The analysis of epidemiological variables (Table 1) 
showed the number of females was greater than the number 
of males, with the proportions being 67.15% (280/417) and 
32.85% (137/417), respectively. A total of 61.15% (96/157) 
of the positive chickens were female, and 38.85% (61/157) 
were male. Association was not observed between the 
variable sex and the sample positivity (p = 0.0526). 
To evaluate T. gondii seropositivity, the birds were divided 
into age groups as follows: 27 to 41 days, 53 to 120 days, 
and above 120 days. Table 1 shows statistically significant 
association (p < 0.0001) between age and serological results 
obtained. The odds ratio for T. gondii-specific antibodies 
in chickens older than 120 days was 4.6 times higher than 
in other age groups. Regarding the type of production 
system, the occurrence of T. gondii positive animals raised 
in extensive systems was 47.65%, with 142 positive animals 
out of 298, and the value decreased to only 13.86% (14 from 
101 birds) in animals raised in intensive systems. Only one 
chicken from semi-intensive system was seropositive (1/18). 
Regarding the animal’s type of feed, 75.78% (316/417) 
were fed with commercial ration and pasture, and 24.22% 
(101/417) were fed with ration only. Regarding the water 
source, 69.06% (288/417) ingested water from unknown 
sources (sources not provided by the farm owners), 24.22% 
(101/417) from artesian wells, and 6.72% (28/417) from 
springs. A total of 73.38% (306/417) of chickens were raised 
close to other animals, such as other avian species (ducks, 
geese, and duckweeds) and dogs, and 26.62% (111/417) 
were not collectively raised around other animals. 
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Table 1 – Distribution of slaughtered chicken in the Uberlândia municipality, Triângulo Mineiro, between August 2015 and January 
2016, according to possible risk factors for Toxoplasma gondii infection
Variable Reagent*n (%)
Not Reagent
n (%)
Total
n (%) O.R.
C.I.  
(95%) p - value
Sex 0.0526
Female 96 (34.29) 184 (65.71) 280 (100)
Male 61 (44.53) 76 (55.47) 137 (100) 0.65 0.4281 – 0.987
Total 157 (37.65) 260 (62.35) 417 (100)
Age (days) < 0.0001
27 – 41+ 9 (16.36) 46 (83.64) 55 (100)
53 – 120 12 (16.22) 62 (83.78) 74 (100) 0.9892 0.3846 – 2.5444
>120 136 (47.22) 152 (52.78) 288 (100) 4.5731 2.1582 – 9.6901
Total 157 (37.65) 260 (62.35) 417 (100)
Rearing system < 0.0001
Extensive+ 142 (47.65) 156 (52.35) 298 (100)
Semi-intensive 1 (5.56) 17 (94.44) 18 (100) 0.0646 0.0085 – 0.4918
Intensive 14 (13.86) 87 (86.14) 101 (100) 0.1748 0.0962 – 0.3249
Total 157 (37.65) 260 (62.35) 417 (100)
Feeding < 0.0001
Ration 14 (13.86) 87 (86.14) 101 (100) 0.1947 0.1062 – 0.357
Ration/Pasture 143 (45.25) 173 (54.75) 316 (100)
Total 157 (37.65) 260 (62.35) 417 (100)
Water source < 0.0001
Artesian well 14 (13.86) 87 (86.14) 101 (100) 0.1799 0.0977 – 0.331 
Spring 7 (25) 21 (75) 28 (100) 0.3725 0.1536 – 0.9307
Unknown+ 136 (47.22) 152 (52.78) 288 (100)
Total 157 (37.65) 260 (62.35) 417 (100)
Collective raising < 0.0001
No 20 (18.02) 91 (81.98) 111 (100) 0.2711 0.59 – 0.4624
Yes 137 (44.77) 169 (55.23) 306 (100)
Total 157 (37.65) 260 (62.35) 417 (100)
* Reagent – Seropositive to antibodies anti-Toxoplasma gondii by IFAT, n – Number of birds
+ Reference category for OR calculation
The correlation between possible risk factors and 
chicken positivity showed 91.08% (143/157) of positive 
animals were fed with ration and pasture, and 87.26% 
(137/157) were raised among other animals, both of them 
with statistical significance p < 0,0001. All chickens used 
in this study came from properties where the presence 
of cats and rats were reported, then these variables did 
not present a statistically significant association with the 
positive serology of the samples analyzed (p > 0.9999).
The molecular analysis revealed that none of the samples 
contained detectable PCR amplification inhibitors. For the 
targeted amplification of the T. gondii ITS1 sequence, two 
brain tissue samples (CE37 and CE87) were PCR positive 
with expected amplicons of 227 bp, as well as the positive 
control (Figures 1 and 2). These two samples that showed 
amplification of the T. gondii gene target came from 
individuals with different characteristics. The CE37 sample 
was obtained from a 120-day-old male chicken raised in 
a semi-intensive system. The CE87 sample was obtained 
from a 55-day-old female chicken raised in an intensive 
system. However, the two DNA sequences obtained from 
these two different individuals were identical to each 
other, and showed 100% sequence similarity with several 
reference strains of T. gondii (KX459518.1, KM657806.1, 
JQ235841.1, JX456456.1, among others) available in the 
GenBank database. The sequence obtained in this study 
was deposited in GenBank with the accession number 
KX853130.
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Discussion 
The practice of consuming raw or undercooked meat 
increases the risk of infection by T. gondii (DUBEY, 1994; 
SCHLINDWEIN and KASSOUF, 2006). Studies performed 
in Brazil indicate that the prevalence of T. gondii in 
chickens raised in extensive production systems ranges 
from 10.3% – 100% (GARCIA et al., 2000; OLIVEIRA 
et al., 2009). Factors, such as the level of environmental 
contamination, type of production system, and climate 
can contribute to a wide range of results observed (DUBEY 
et al., 2006; MILLAR et al., 2012; YAN et al., 2016). 
In this study, the frequency of chickens detected 
positive by IFAT (39.10%) was high, considering that 
the animals came from different breeding systems. This 
positivity rate was greater than that reported by other 
investigators in the state of Paraná, Rio de Janeiro and 
Bahia (GARCIA et al., 2000; GONÇALVES et al., 2012; 
MILLAR et al., 2012). However, other studies from the 
states of Rio de Janeiro and Minas Gerais found higher 
positivity rates than those detected in this study (BONNA 
et al., 2006; BRANDÃO et al., 2006). Differences in the 
frequencies of positivity for T. gondii in chickens may 
be associated with different levels of infectivity in the 
studied environments or variations in sensitivity among 
diagnostic techniques (GARCIA et al., 2000). Although 
the studies cited above used the same serological technique 
of this study, other factors should be considered, such as 
the climate of each region, exposure to the etiological 
agent, number of animals surveyed, and management 
conditions. In this study, IFAT was considered as the 
gold standard for serological diagnosis. Although the 
IHA test was also performed, the agreement with IFAT 
Figure 1 – Amplifications for the ITS1 gene target of Toxoplasma gondii in brain tissue of 
chicken from this study 
Lanes 1 to 10: DNA from tested samples; Lane 11: positive control (peritoneal lavage of infected mouse / Rh strain); 
Lane 12: negative control (nuclease-free water); Lane 13: molecular weight marker of 50bp. The rectangle indicates 
the amplification of one of the samples (CE37) at the expected height according to the positive control 
Figure 2 – Amplifications for the ITS1 gene target of Toxoplasma gondii in brain tissue 
of chicken from this study 
Lanes 1 to 13: DNA from tested samples; Lane 14: negative control (nuclease-free water); Lane 15: positive 
control (peritoneal lavage of infected mouse / Rh strain). The rectangle indicates the amplification of one of 
the samples (CE87) at the expected height according to the positive control
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was weak. The IHA test used was standardized for use in 
humans, and its results indicate that it is not suitable for 
the use in birds.
The predominance of infection in older chickens 
compared with that in younger ones is in part likely to be 
due to an increase in the cumulative effect of exposure to 
the parasite by adult animals, that is, with the increase in 
the age of a bird, the likelihood of it becoming infected by 
T. gondii oocysts present in the environment also increases 
(DUBEY, 2010b). Although the number of females 
slaughtered was higher than that of males, no association 
was found between seropositivity for T. gondii and the sex 
of the chickens, corroborating the findings of Bonna et al. 
(2006) and Feitosa et al. (2016). 
The presence of cats and rats were reported for all 
the properties studied, then they could not be analyzed 
as risk factor. The existence of cats in those properties 
possibly provided rodent control. However, rodents 
can be an important infection source for both cats and 
chickens, which can become infected by ingestion of tissue 
containing parasite cysts. 
In this study, a statistical association was observed 
between the type of feeding and the positivity occurrence 
of chickens. The percentage of positive animals was 
much higher among those fed with ration and pasture. 
This result suggests these animals were more exposed 
to environmental contamination by the oocysts, thus 
confirming the role of birds as indicators of environmental 
contamination by T. gondii. Feitosa et al. (2016) did not 
show an association between these two variables when 
chickens from five municipalities in the state of Paraíba 
were analyzed. Despite the researchers had not shown 
statistic association, the percentage of positive hens fed 
with ration and pasture was higher than that of those fed 
exclusively with ration.
Water is an important source for T. gondii dissemination 
due to the long survival of oocysts in the environment; 
therefore, water may be considered as important as food 
as risk factor (TENTER et al., 2000; BAHIA-OLIVEIRA et 
al., 2003; CENCI-GOGA et al., 2013). Association between 
water source and seropositive hens was reported by Camillo 
(2015) when carrying out a study with 597 domestic 
chickens in Rio Grande do Sul, Brazil. Unfortunately, in 
spite of its relevance, the association between the water 
source and the seropositive results cannot be considered, 
since the water source was unknown for most of the 
infected animals evaluated in this study. 
In this study, 87.18% (136/156) of the seropositive 
chickens were collectively raised with other animals. An 
important observation is that, in this case, not breeding 
with other animals may act as a protective factor against 
T. gondii infection, with interbreeding being an important 
factor for the occurrence of infection.
For the molecular analysis, the organs of choice 
for obtaining samples for DNA extraction and PCR 
amplification were the brain and heart. Yan et al. (2010) 
evaluated chickens in China and reported that the organs 
with the highest number of T. gondii parasites are the 
heart and lungs, and Aigner et al. (2010) demonstrated 
amplification of T. gondii DNA from brain and heart 
in samples of poultry in Paraná, Brazil. In general, 
molecular analysis studies are conducted on the brain 
and the heart samples because of the parasite’s natural 
predilection for these organs. In this study, T. gondii DNA 
was positively amplified from the brain tissue of 2 out of 
25 animals selected for molecular analysis. The amount 
of DNA was not enough to allow the genotype of the T. 
gondii strain.
Although determining the viability of the parasite by 
PCR is not possible, the results corroborate the fact that 
the consumption of this type of meat may be a risk for the 
consumer, particularly if the meat or viscera is not properly 
cooked (MILLAR et al., 2012; FERNANDES et al., 2016).
Conclusions 
This study is relevant, since toxoplasmosis is a neglected 
zoonosis with wide distribution and once the knowledge 
garnered from these data may help in delineating more 
specific studies regarding the epidemiology of the parasite. 
The high frequency of positive animals in the IFAT 
analysis, together with the direct detection of parasite 
DNA in tissue samples (brain), calls attention towards 
the risk of human infection by T. gondii via consumption 
of infected chicken meat. 
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